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Severa 1 
artificial e 
compared geo 
investigators have reported effects of low level, natural and 
ectromagnetic fields on human behavior. Friedman and co-workers 
agnetic activity with psychiatric hospital admissions', and 
later reported effects of artificial low frequency (0.1, 0.2 Hz) magnetic 
fields on simple reaction time . Reiter3 reported effects of atmospheric 
electricity on human simple reaction time and Konig and co-workers4 experi- 
mented with a similar apparatus and paradigm using low frequency (3, 10 Hz) 
artificial electric fields. Simple reaction time is a standard, uncomplicated 
measure of an organism's ability to organize a response to its environment 
and therefore appropriate for experimental studies with weak electromagnetic 
fields. 
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Although the reported effects are small, they should be demonstrable 
independently of any contamination by sensitivity of the experimental method 
t o  subject populations or changing methods of testing. 'It should be feasible 
. 
to demonstrate a valid null hypothesis. F 
have occurred, as for instance in Friedman 
nique . From a previous experiment involv 
inserted their reaction time data in the c 
2 
. 
aws in experimental methods may 
s use of the counter balance tech- 
ng 30 subjects, he selected 12 and 
unter balance experiment and col- 
lected additional data to complete the balanced conditions. Without random 
selection or complete rejection of the earlier data, a bias can be introduced. 
There is the possibility in both Konig's4 and Friedman's2 studies that 
the effects noted were not due to the different frequencies used but to the 
presence of the field. 
at different electromagnetic field frequencies, care was taken to assure that 
the RT effects observed actually arose from the different frequencies applied. 
In addition, procedures were adopted as controls for individual differences, 
as well as t o  assure experiment sensitivity. These procedures are detailed 
below. 
In the present study of human reaction times (RT) 
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The sample cons is ted  o f  29 undergraduate male and female s tudents  aged 
17 t o  23 a t  the U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles. Subjects  were s e l e c t e d  
a t  random and screened f o r  phys ica l  and mental  a b e r r a t i o n s ;  those under medi -  
c a t i o n  o r  w i t h  any h i s t o r y  o f  r e c u r r e n t  i l l n e s s  were r e j e c t e d .  A l l  b u t  two 
completed the exper iment.  
The exper imenta l  apparatus t h a t  shaped the e l e c t r i c  f i e l d  c o n s i s t e d  o f  
two p a r a l l e l  m e t a l l i c  p l a t e s  (71 cm x 91 un) p laced 53 cm a p a r t .  The long 
a x i s  o f  these p l a t e s  was v e r t i c a l l y  o r i e n t e d .  A c h a i r  p laced between t h e  
p l a t e s  p o s i t i o n e d  the s u b j e c t .  The lower  edges o f  t h e  p l a t e s  were 15 an 
above the c h a i r  sea t .  Earphones and a m i c r o s w i t c h  handgr ip  were prov ided 
t o  t h e  s u b j e c t  f o r  a u d i o  s i g n a l  p r e s e n t a t i o n  and response. An e l e c t r o n i c  
c o u n t e r  w i t h  a 1.0 p e c  accuracy measured the  s u b j e c t ' s  response t ime 
(data were recorded a t  0.1 msec r e s o l u t i o n ) .  
s w i t c h  c o n t r o l l e d  t h e  a u d i o  and counter  s t a r t  s i g n a l s .  The t ime r e l a t i o n s  
between the  a u d i o  s i g n a l  and s t a r t  s i g n a l  was checked by p l a c i n g  a r e s i s t o r  
i n  s e r i e s  w i t h  the earphones and observ ing the s t a r t  s i g n a l  and r e s i s t o r  
v o l t a g e s  on a dual  t r a c e  o s c i l l o s c o p e .  RC networks between the swi tches and 
A two-pole s i n g l e  throw t o g g l e  
counter  i n p u t s  assured c lean,  f a s t  r i s e  t ime s t a r t - s t o p  pulses t o  the counter ,  
Each s w i t c h  ( t o g g l e  and mic roswi tch)  connected one RC network t o  a separate 
DC v o l t a g e  source, genera t ing  the  v o l t a g e  pu lse .  A 1000 Hz square wave gen- 
e r a t o r  was used as a s i g n a l  source f o r  the earphones. The a u d i o  s i g n a l  
s t r e n g t h  was kept  constant and a t  a comfor tab le  l e v e l .  A c l o c k  and t a b l e  
o f  random numbers kept the average i n t e r v a l  between tones a t  15 sec w i t h  a 
smal l  v a r i a t i o n  i n  the  t ime o f  tone d e l i v e r y .  The c l o c k  face was marked 
w i t h  s i x  a d j a c e n t  0.01 min i n t e r v a l s  over  which the tone d e l i v e r y  was v a r i e d ,  
the  e x a c t  v a r i a t i o n  determined by  a t a b l e  o f  random d i g i t s .  A low frequency 
g e n e r a t o r  (Hewlet t  Packsrd 202A) w i t h  2% d i a l  accuracy energ ized the  p l a t e s  
3 
w i t h  2.0 V RMS s i n u s o i d a l  p o t e n t i a l .  The exper imenter ,  o s c i l l a t o r ,  a u d i o  
source, and counter  were l oca ted  in  one room, w h i l e  the  s u b j e c t  was i s o l a t e d  
i n  an  a d j a c e n t  room o f  approx imate ly  23 m 
except  f o r  the f i e l d  p l a t e s ,  earphones, m i c r o s w i t c h  and c h a i r .  The room 
was d i m l y  l i t ,  and convent iona l  a i r  c o n d i t i o n i n g  equipment c o n t r o l l e d  the 
temperature.  The room was n o t  p rov ided w i t h  e lec t romagne t i c  sc reen ing  from 
sources o u t s i d e  the room. 
2 f l o o r  a rea ,  devo id  o f  apparatus 
Sub jec ts  were informed t h a t  t h e i r  &ac t i on  t imes were t o  be measured 
i n  the  presence o f  a weak e l e c t r i c  f i e l d  w i t h  n o t  more than 2.0 V a p p l i e d  
t o  the  p l a t e s .  
d e s i r a b l e  t o  reduce data va r iance ,  and each s u b j e c t  was i n s t r u c t e d  t o  remain 
a l e r t ,  leave h i s  thumb on the m ic rosw i t ch  b u t t o n  and depress i t  as soon as 
he heard  an aud io  tone. 
o f  the exper imenta l  session, a f t e r  which tones would be a p p l i e d  a t  random 
I t  was exp la ined  t h a t  u n i f o r m  RT performance was h i g h l y  
The f i r s t  tone was a warning,, i n d i c a t i n g  t h e  s t a r t  
w i t h o u t  fo rewarn ing  cues and w i t h  s h o r t  i n t e r v a l s  between each. The s u b j e c t  
was t o l d  t h a t  a f t e r  each t r i a l  , a minimum r e s t  p e r i o d  o f  1 1  sec would f o l l o w  
. t o  p reven t  f a t i g u e .  Terminat ion  o f  the exper iment would be s igna led  by the 
a s s i s t a n t  e n t e r i n g  the room. 
I t  has  been shown t h a t  c e r t a i n  f e a t u r e s  o f  an exper imenta l  s i t u a t i o n  
may cue the sub jec ts  a s  t o  what response may be d e s i r e d  . Hence, i n  t h i s  
s tudy ,  da ta  were c o l l e c t e d  by a research a s s i s t a n t  unaware o f  the s t a t i s t i c a l  
hypo thes i s  be ing  tes ted ,  and n o t  informed o f  the s i g n i f i c a n c e  of  the data 
n o r  a l l o w e d  t o  reduce i t  f o r  a n a l y s i s  u n t i l  the whole exper iment was completed. 
I n  a d d i t i o n ,  a p a r t i a l  doub le -b l i nd  technique was used, whereby the e x p e r i -  
mental  c o n d i t i o n s  (e.g., t he  frequency o f  the e l e c t r i c  f i e l d  t o  be used and 
the t ime o f  p r e s e n t a t i o n  o f  aud io  tones) were e s t a b l i s h e d  by a random process 
a f t e r  t he  a s s i s t a n t  i s o l a t e d  the sub jec t .  The moment o f  p r e s e n t a t i o n  o f  the 
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a u d i o  tone was c o n t r o l l e d  by a c lock  and based on a t a b l e  o f  random d i g i t s ;  
t h e  a s s i s t a n t  was i n s t r u c t e d  t o  te rmina te  the  tone when t h e  s u b j e c t  com- 
p l e t e d  h i s  o r  h e r  response, as i n d i c a t e d  by the  counter  used t o  measure RT. 
To ensure t h a t  changes i n  r e a c t i o n  t ime were the r e s u l t  o f  the  d i f f e r e n t  
f requenc ies  be ing  a p p l i e d ,  t h e  RTs were measured a t  d i f f e r e n t  f requenc ies  
but w i t h  a constant  f i e l d  s t r e n g t h  and s i n u s o i d a l  e l e c t r i c  f i e l d .  Each 
s u b j e c t  was observed a t  two f i e l d  f requenc ies .  Only two f requenc ies  were 
used t o  a v o i d  f u r t h e r  complex i ty  i n  the  s i t u a t i o n .  The normal s c a t t e r  i n  
RTs o f  d i f f e r e n t  s u b j e c t s  was c o n t r o l l e d  by t e s t i n g  a l l  s u b j e c t s  a t  two 
f requencies,  b u t  n o t  n e c e s s a r i l y  a t  the  same p a i r  o f  f requenc ies .  Use o f  
t h e  same frequency p a i r  f o r  a l l  sub jec ts  was considered unreasonable, s ince  
t h e r e  was n o t  an a p r i o r i  reason f o r  the e x i s t e n c e  o f  un ique f requenc ies  
b e s t  s u i t e d  t o  each s u b j e c t .  A crude c r i t e r i o n  f o r  f requency s e l e c t i o n  
was used based on each s u b j e c t ’ s  RT: i f  h i s  RT was f a s t ,  h i g h e r  f requencies 
were used (12 and 6, f o r  example); i f  h i s  RT was slow, lower  f requenc ies  were 
used (6 and 2, f o r  example). I n  subsequent da ta  r e d u c t i o n ,  these two 
f requenc ies  were c l a s s i f i e d  HIGH and LOW. A l t e r n a t i v e  c r i t e r i a  were 
considered b u t  d iscarded.  Each sub jec t  a t tended two exper imenta l  sessions 
p e r  day f o r  16 days, w i t h  24 RT measurements a t  one frequency d u r i n g  the 
f i r s t  session, and 24 a t  the second frequency d u r i h g  the  second session. 
C o l l e c t i n g  equal  amounts o f  da ta  on a l l  16 days c o n t r o l l e d  f o r  day t o  day 
v a r i a t i o n s  i n  each s u b j e c t ’ s  RT, and any long term t r e n d  i n  RT performance 
t h a t  migh t  be a t t r i b u t a b l e  t o  h a b i t u a t i o n  (See F igure  2).  
T h i s  16-day p e r i o d  was d i v i d e d  i n t o  t h r e e  p a r t s .  The f i r s t  day was 
used t o  f a m i l i a r i z e  S s  w i t h  the apparatus and was n o t  used as a formal 
t e s t  day. The s e n s i t i v i t y  o f  t h e  exper imenta l  method was t e s t e d  f o r  the 
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n e x t  f i v e  days by c o l l e c t i n g  da ta  w i t h  t h e  f i e l d s  o f f ,  unknown t o  t h e  sub jec ts .  
Data  c o l l e c t i o n  methods d u r i n g  t h i s  p e r i o d  were i d e n t i c a l  t o  l a t e r  t e s t i n g ;  
a l l  d a t a  were indexed by t h e  randomizat ion process l a t e r  used t o  determine 
t h e  o r d e r  o f  f requency a p p l i c a t i o n  (HEADS, TAILS). A t  t h e  end o f  t h i s  5-day 
p e r i o d ,  t w o  f requenc ies  were se lec ted  f o r  each s u b j e c t  i n  t h e  2 t o  12 Hz 
range, and t h e  exper iment was run  the remain ing 10 days w i t h  t h e  f i e l d s  always 
p r e s e n t  and a t  a cons tan t  s t r e n g t h .  The amount o f  d a t a  c o l l e c t e d  w i t h  t h e  
f i e l d  o n  was doubled t o  t e s t  r e p e a t a b i l i t y  o f  r e s u l t s .  The o r d e r  o f  these 
f r e q u e n c i e s  (HIGH o r  LOW f i r s t )  was determined by a b i n a r y  random event ( c o i n  
t o s s ) .  The o r d e r  f o r  a s u b j e c t  on  a g i v e n  day was randomized t o  e l i m i n a t e  
any e f f e c t  t h a t  might  a r i s e  f rom always g i v i n g  t h e  H I G H  f i r s t  o r  t h e  LOW f i r s t .  
Each sess ion  c o n s i s t e d  o f  24 RT measurements, w i t h  a 15-min i n t e r v a l  between 
sessions. A f t e r  t h e  s u b j e c t  was seated, t h e  p l a t e s  were energ ized and t h e r e  
was a 5-min w a i t - b e f o r e  t h e  tones began. A warn ing tone s i g n a l e d  t h e  s u b j e c t  
t h a t  t h e  exper iment was t o  begin. The aud io  tones were presented a t  i n t e r v a l s  
of 15 7 2 sec, t h e  exact t i m e  o f  p r e s e n t a t i o n  b e i n g  determir ied by a t a b l e  o f  
random d i g i t s .  The i n t e r v a l  was v a r i e d  by - 2 sec t o  p r o v i d e  t h e  s u b j e c t  w i t h  . + 
an adequate r e s t  p e r i o d  between tones and mask any unconscious b i a s  of t h e  
research  a s s i s t a n t .  A f t e r  24 measurements which t o o k  1 1  min, t h e  s u b j e c t  l e f t  
t h e  room and 15 min l a t e r  r e t u r n e d  t o  repeat  t h e  exper iment f o r  24 more meas- 
urements a t  t h e  second frequency. The s u b j e c t  was never informed o f  t h e  
f requenc ies ,  or  as t o  whether t h e  p l a t e s  were o r  were n o t  energized. To 
reduce v a r i a b i l i t y ,  i t  was made standard procedure t o  d i s c a r d  b o t h  s e t s  o f  
a s u b j e c t ' s  d a t a  if t h e  d i f f e r e n c e  i n  mean RT was g r e a t e r  than 50 msec. T h i s  
p r e c a u t i o n  was taken because o f  t h e  r a r e  occurrence o f  ext remely l a r g e  changes 
i n  average RT performance between sessions ( l a t e r  observed t o  be as h i g h  as 
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100 msec average d i f f e r e n c e ) .  
The d a t a  analyzed c o n s i s t e d  o f  measurements on 29 s tuder l ts  f o r  t h e  f i r s t  
5 days o f  t h e  exper iment,  and 27 's tudents  f o r  days 6 through 15, as two 
dropped o u t  f o r  personal  reasons. Since t h e  f i r s t  3 RT measurements a t  each 
sess ion  were considered l'warm-upll and d iscarded,  t h i s  i n v o l v e d  a t o t a l  o f  
11,340 RT measurements, 5670 a t  t h e  H I G H  f requenc ies  and 5670 a t  t h e  LOW 
frequencies.  
The d a t a  were analyzed w i t h  the a im of  showing t h e  e f f e c t  o f  v a r i a b i l i t y  
i n  RT performance w i t h i n  a l l  exper imenta l  sess ions on t h e  r e s u l t s  o f  t h e  
exper iment.  One sess ion  c o n s i s t e d  o f  21 measurements as t h e  f i r s t  3 measure- 
ments were considered "warm-up" and d iscarded.  S ince t h e  f a s t e s t  RTs were 
assumed t o  have t h e  l e a s t  v a r i a b i l i t y ,  t h e  21 RT measurements i n  every s e t  
o f  d a t a  were ranked i n  o r d e r  o f  i n c r e a s i n g  magnitude; t h a t  i s ,  t h e  s h o r t e s t  
RT was assigned rank 1, t h e  next  longest RT i n  magnitude rank 2, and so on. 
A l l  t h e  d a t a  i n  each o f  t h e  f o u r  t reatment  c l a s s i f i c a t i o n s  ( H I G H ,  LOW, HEADS, 
TAILS) were averaged by ranks, s t a r t i n g  w i t h  rank 1 and going t o  ranks 3 ,  6, 
14, and 21. I n  t o t a l ,  5 ranks were averaged. As we progressed f r o m  r a n k  1 
t o  rank  3 ,  a l l  t h e  d a t a  i n  ranks 1, 2 and 3 were inc luded;  l i k e w i s e ,  when 
rank  6 was averaged, a l l  t h e  d a t a  from ranks 1 th rough 6 were inc luded,  and 
so on. I n  t h i s  way t h e  d a t a  were cumula t ive  by ranks. 
When t h e  f i e l d  was o f f ,  t h e  data were c o l l e c t e d  and processed i n  t h e  
same way as when t h e  f i e l d  was on: HEADS was used t o  s e l e c t  t h e  H I G H  f requen-  
cy, and TAILS t h e  low frequency. This  assured p a r a l l e l  d a t a  c o l l e c t i o n  and 
process ing,  a l l o w i n g  comparisons between t h e  two c o n d i t i o n s .  The d i f f e r e n c e s  
between t h e  averages o f  t h e  H I G H S  and LOWS, and between t h e  HEADS and TAILS 
were computed and p l o t t e d  by rank. The r e s u l t  was two c u m u l a t i v e  d i f f e r e n c e  
. .  
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curves  indexed by rank. A t  rank  21, t h e  average d i f f e r e n c e  i s  independent o f  
r a n k i n g  because t h e  average i s  cumula t ive  and a l l  d a t a  from t h e  lower ranks 
a r e  inc luded.  The average d i f f e r e n c e  a t  rank  1 represents  t h e  ' Ibest" or  
s h o r t e s t  d a i l y  responses, b u t  o n l y  1/21 of a l l  d a t a  c o l l e c t e d ;  t h e  averaged 
d i f f e r e n c e  a t  rank  14 represents  t h e  14 f a s t e s t  responses b u t  o n l y  14/21 o f  
a l l  data,  and so on. F i g u r e  1 summarizes these r e s u l t s .  The dashed l i n e  
shows r e a c t i o n  t i m e  d f f e r e n c e  sampled w i t h  t h e  f i e l d  on, t h e  s o l i d  l i n e  w i t h  
t h e  f i e l d  o f f .  Negat ve va lues  o f  RT d i f f e r e n c e  represent  r e a c t i o n  t imes 
s lower  a t  t h e  h i g h  frequency than a t  t h e  low. The f l a t ,  u n i f o r m  s l o p e  o f  
- t h e  t w o  curves i n d i c a t e s  that  the  outcome o f  t h e  exper iment,  f o r  t h e  number 
o f  r e p l i c a t i o n s ,  was independent o f  t h e  d a i l y  v a r i a t i o n  i n  performance. The 
" f i e l d  o f f ' l  r e s u l t  shows tha t  the  exper imenta l  method was s e n s i t i v e  and t h e  
n u l l  hypothes is  v a l i d .  An a r t i f i c i a l  b i a s  may be introd'uced by randomiza- 
t i o n  i f  t h e  random events do n o t  occur as expected. The inc idence o f  HEADS 
for  b o t h  samples o f  d a t a  was c lose :  0.41 w i t h  f i e l d s  o f f ,  0.47 w i t h  f i e l d s  
. 
on, and w i t h i n  t h e  one sigma v a r i a t i o n  o f  t h e  expected v a l u e  (0.5). . 
To a i d  i n  exper iment eva lua t ion ,  a l l  d a i l y  RT d a t a  were combined f o r  t h e  
27 s u b j e c t s  who completed t h e  t e s t i n g  p e r i o d  and c u m u l a t i v e  RT averages made 
f r o m  day 1 t o  day 5 ( f i e l d  o f f )  and f r o m  day 6 t o  day 1.5 ( f i e l d  on) (see 
F i g u r e  2). The f i r s t  5 days showed t h e  expected t r e n d  i n  speed up o f  average 
response as t h e  s u b j e c t s  adapted t o  t h e  RT task .  The l a s t  10 days showed a 
t r e n d  o f  increased l a t e n c y  o f  average response, a p p a r e n t l y  due t o  boredom. 
As F i g u r e  2 i l l u s t r a t e s ,  t h e r e  i s  a marked increase i n  average RT l a t e n c y  
between days 5 and 6, n o t  c o n s i s t e n t  w i t h  t h e  observed t rends  i n  t h e  data.  
The d a i l y  v a r i a n c e  i s  a l s o  inc luded i n  F i g u r e  2 for  completeness. 
The usual  t e s t  f o r  t h e  d i f f e r e n c e  o f  two means w i t h  c o r r e l a t e d  observa-  
t i o n s ,  t h e  lltl' t e s t  hav ing  i n  t h i s  case 5669 degrees o f  freedom6, was used 
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to test the hypothesis that the mean RTs (rank' 21) at the two field frequency 
conditions differed significantly. The standard error for the difference of 
the two means was 0.6 msec. 
ing the hypothesis that the RT means differed significantly at the two fre- 
quencies. 
The type two error was less than 0.05 for accept- 
The electric field RT data were then divided into the first 5 
and the second 5 experimental days across all subjects. The average RT 
differences at rank 21 were -1.2 and -1.9 msec respectively, in close agree- 
ment with the overall experimental value -1.6 msec and within the one sigma 
variation (0.6 msec). 
The experimental results indicate that low level, low frequency electric 
fields can affect human reaction time performance. The experimental design 
used emphasized that the effects are frequency sensitive and not due merely 
to the presence of the field. The effects are quite subtle, however, and 
demand high sensitivity of method for reliable evaluation. T o  substantiate 
the results of this study, further experiments are being conducted using other 
behavioral responses as the experimental end points. 
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F i  gure Legends 
F i g .  1 .  Cumulat ive r e a c t i o n  t i m e  d i f f e r e n c e s  
F i g .  2 
Toss 1 1  sub jec ts  i n  
o r d e r  o f  increased la tency  o f  d a i l y  response. S o l i d  cu rve  shows 
t h e  r e s u l t  o f  6,048 measurements f rom 29 s u b j e c t s  (E T a i l  - RT 
Head) i n  no e l e c t r i c  f i e l d .  Dashed cu rve  shows t h e  r e s u l t s  o f  
11,340 measurements f rom 27 s u b j e c t s  w i t h  random a p p l i c a t i o n  o f  
two f i e l d  f requenc ies  (RT Low - Kf High) .  
A. D a i l y  s tandard  d e v i a t i o n  o f  r e a c t i o n  t ime performance i n  a l l  
sub j e c t  s . 
B .  
f rom day 1 t o  5 and f rom day 6 t o  15. Each exper imenta l  day 
1134 measurements were taken. 
- 
Cumulat ive d a i l y  r e a c t i o n  t ime  performance across 27 sub jec ts  
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